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Tembl Posygres

Tpurrepsl ¥ TpUrTepHbIe PYHKLIUU

B kakoit MOMeHT cpabaTbiBatOT TPUTTEPbI

KoHTeKCT BbITNIO/IHEHHSI TPUTTEPHOM (QYHKLUN
Bo3sspairiaemoe 3HaueHue

17151 4yero MOXXHO MPUMEHSITb TPUITEPHI U [/1s1 Yero He HY>KHO

CoObITHIHBIE TPUTTEPHI
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Tpurrepbl 1 PYHKLUNN Posigres

Tpurrep

00BbeKT 0a3bl JAHHBIX — CITMUCOK 00pabaTbiBaeMbIX COOBITHI

TIPY BO3HUKHOBEHUH COOBITHSI BBI3bIBAETCSI TPUTTEPHAS (DYHKIHS
Y eyl mepefjaeTcsl KOHTEKCT

TpurrepHasi GyHKIYS

00beKT 0a3bl JAHHBIX — KOJ, 00pabOTKH COOBITHS
BBITIO/THSIETCS] B TOM K€ TpaH3aKL[UH, UTO ¥ OCHOBHasl OTlepariyst

cornanieHue: (QyHKLMS He IPUHUMAaeT IlapameTphl,
BO3BpalllaeT 3HaueHue TceBoTuUIa trigger (akTruecku record)

MOXKeT HUCIT0J/Ib30BaThCA B HECKOJIBKHUX TPUITEPAX

MexaHn3M TpUrrepoB NO3BOJIAET BbIMOIHATbL ONpefesieHHble A4eACTBUSA
«B OTBET» Ha ornpeaesieHHble cobbITUA. Tpurrep COCTOUT U3 ABYX YacTeil:
COBCTBEHHO Tpurrepa (KOTopblii onpeaenset coobITUsS) U TPUITEPHON
doyHKUMN (KOTOpasi onpeaensieT aeicTens). N tpurrep, n yHKUMS
ABNAKTCA caMOCTOATENIbHbIMM 06bekTamn B/,

Korga Bo3HMKAET COObITME, HA KOTOPOE «NOANMUCaH» TPUITep, Bbi3blBAaeTCS
TpurrepHasn cpyHkUus. Eil nepegaeTcs KOHTEKCT BbI30Ba, YTOObI MOXHO
6bI/10 ONPeAeNnTb, KaKol UMEHHO TPUITEP M B KaKUX YC/TOBUAX Bbi3BaJl

JoyHKUMIO.

TpurrepHasn pyHKUUS — 3T0 06bI4HAS PYHKLMS, KOTOpas HanncaHa
C YUYETOM HEKOTOPbIX COrNaLleHWii:;

* OHa NULLIEeTCS Ha Nt6oM A3bike, KpoMe uncToro SQL;
* OHa He MMeeT NapameTpOB;

* OHa BO3BpalllaeT 3Ha4YeHne Tuna trigger (Ha camom aene aTo NcesaoTyHN,
No hakTy BO3BpalLLAeTCsi 3annchb, COOTBETCTBYIOLLASA CTPOKE TabnuLbl).

TpurrepHasi oyHKUMA BbINOSTHAETCA B TOM Xe TpaH3akuuMu, YTO U OCHOBHas
onepauua. Takum ob6paszom, ecv TpUrrepHas PyHKUNA 3aBEPLLNTCS
C OLUNOBKON, BCS TpaH3aKumnsa 6yaet npepsBaHa.

https://postgrespro.ru/docs/postgresql/16/trigger-definition
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CobbITuA Posigres

INSERT, UPDATE, DELETE

TaO/TULBI before/after statement
before/after row

TipeJiCTaB/IeHUsT before/after statement
instead of row

TRUNCATE

Tab/IULIBI before/after statement

Ycnosue WHEN

YCTaHaB/IMBAET AOHOHHI/ITEHBHBH‘/JI ('l)I/IJII)Tp

Tpurrepbl MoryT cpabatbiBatb Ha BcTaBky (INSERT), o6HoBNeHue
(UPDATE) nnu yganenue (DELETE) cTpok B Tabnuue wav npeacTtaBfieHnn,
a TaKxe Ha onyctoweHne (TRUNCATE) Ta6nuu.

Tpurrep MoXeT cpabartbliBaTb A0 BbinosiHeHA aeiictensa (BEFORE),
nocne Hero (AFTER), nnn emecto Hero (INSTEAD OF).

Tpurrep MoxeT cpabartbiBaTb 0guH pas as1a scen onepauymm (FOR EACH
STATEMENT), nnun kaxaplin pa3 ansa Kaxaon satpoHyTon ctpokn (FOR
EACH ROW).

He ans no6oi KomomHaumm aTux yCrioB1Mii MOXHO CO34atb Tpurrep.
Hanpumep, instead-of-Tpurrepbl MOXHO onpeaenntb TONIbKO AN
npeAcTaB/ieHni Ha YPOBHE CTPOK, a truncate-Tpurrep MOXHO onpenenunTb
TOMIbKO ANA Tabnuu, 1 TO/IbKO Ha ypoBHe orneparopa. Jonyctumble
BapuaHTbl NepeyncsieHbl Ha cnange.

Kpome Toro, MOXHO Cy3nTb 06/1aCTb AeNCTBUSA TpUrrepa, ykasas
ponosiHuTensHoe ycnosue WHEN: ecnin ycnoBue He BbINONHAETCA —
Tpurrep He cpabartbiBaeT.

https://postgrespro.ru/docs/postgresqgl/16/sql-createtrigger
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Before statement Pogga’iﬁ“é%

CpabarbiBaeT J{ BEFORE STATEMENT
[I0 orieparLuu <
s
=
BosBpaiijaemoe 3HaueHue S
2
UTHOPUPYeTCs 3
=
KoHTeKCT o
=
TG-nepemeHHbIe %
m
\J

PaccmMoTprM nogpo6Hee pasHble TUMbl TPUITEPOB.

Tpurrep BEFORE STATEMENT cpabartbiBaet oguH pas Ansa onepayum
He3aBMCUMO OT TOTO, CKOJIbKO CTPOK ByAeT 3aTPOHYTO (BO3MOXHO, YTO
N HX OfHOW). DTO NPOMCXOANT [0 TOro, Kak onepaunsa Havyana BbINoSHATLCS.

Bo3Bpaljaemoe 3HayeHune TpUrrepHoii qoyHKLMM urHopupyetcs. Ecnu
B TpUrrepe BO3HMKAET OLLIMGKA, onepaums oTMeHsIeTCs.

[MocKOMbKYy TpUrrepHas OyHKUMA He MMeeT napamMeTpoB, KOHTEKCT Bbl30Ba
B PL/pgSQL nepepgaeTcs el ¢ NnoMOLLbo npegonpeaeneHHbix TG-
NepemMeHHbIX, TaknX, Kak:

* TG_WHEN = «<BEFORE»,
* TG _LEVEL = «STATEMENT>,
e TG _OP = «INSERT»/«UPDATE»/«DELETE»/«TRUNCATE»

n ap. TpUrrepHoi OyHKUMN MOXXHO Takxke rnepenarb Nosb30BaTe/1bCKUi
KOHTEKCT (aHas10r OTCYTCTBYHOLLMX NapaMeTpoB) Yepes NepemMeHHyo
TG_ARGYV, x0TA 3a4acTylo /lydlle BMECTO OHOM «0606LLEHHON» GOYHKLUMN
C034aTb HECKOJIbKO «YaCTHbIX».

https://postgrespro.ru/docs/postgresqgl/16/plpgsql-trigger
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Before row Posigres

CpabaTbiBaeT BEFORE STATEMENT

repe/ IeCTBHEM CO CTPOKOU
B IIpOLieCce BbITIOJIHEHHSI OTlepaLyn

BOBBpEIH_IaEMOE 3Ha4YeHue

BEFORE ROW
CTpOKa (BO3MOKHO, M3MeHeHHas )

null otmMeHsieT meicTBHE

BbINO/IHEHME onepaumy ——+——

KoHTekcT

OLD update, delete
NEW  insert, update

TG-nepeMeHHbIE

Tpurrepsl BEFORE ROW cpabatbiBatoT KaxKAbl pas nepeg tem, Kak
ornepauns 3aTpoHET CTPOKY. STO NPOUCXOANT HENOCPEACTBEHHO B npouecce
BbINO/IHEHMA onepaunun.

B kauyecTBe KOHTEKCTa TpurrepHasa (pyHKumMs nosy4vaeTt nepemMeHHbIe:

« OLD — crapasd cTpoka (He onpegenieHo Ansa onepawumm BCTaBKu),

* NEW — n3meHeHHas CcTpoka (He onpegeneHo Ansa yaasieHus),

e TG_WHEN = «BEFORE»,

* TG_LEVEL = «<ROWH»,

e TG_OP = «INSERT»/«UPDATE»/«DELETE»

n op.

Bo3Bpat HeonpegeneHHoro 3HadeHnsa NULL BocnpyHMMaeTca Kak OTMeHa
AeNCTBUA Hag faHHoW cTpokor. Cama onepauuns NPoAO/HKUT BbINOSTHEHME,

HO TekyLwlasi CTpoka He 6yaeT obpaboTaHa 1 gpyrue Tpurrepbl Aasa 3Toin
CTPOKU He cpaboTaloT.

UT06bI HE BMELLMBATbLCA B paboTy onepauun, Tpurrep Ao/HKEH BEPHYTb
CTPOKY B TOM BMAge, B KOTOPOM ee cobupaeTcs nsMeHnTb onepaums: NEW
ANA BCTaBKM U 06HOBIEHNSA, Ntob60oe 3HayeHue (Ho He NULL) ana yaaneHus
(06bl4HO ncnonb3ytoT OLD).

Ho TpurrepHasa doyHKUUA MOXET N N3MeHUTb 3HadyeHne NEW, 4yToobsbl
MOBMMATbL Ha pe3ysbTaT onepauun — 4acto MMEHHO A1 3TOro TakoWn
TpUrrep 1 cosgaior.
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Instead of row Posigres

CpabarbiBaeT J{ BEFORE STATEMENT
BMECTO JIEUCTBUSI CO CTPOKOU <
ISt TIpe/iCTaBIeHU %
[oX
Bo3Bpaiijaemoe 3HaueHue =
o BEFORE ROW
CTpOKa (BO3MO)XHO, U3MEeHeHHas) — S INSTEAD OF ROW
Oyzet BugHa B RETURNING 9::’
null oTmeHsieT felicTBre g
]
m
KoHTekcT
OLD update, delete
NEW  insert, update
TG-nepeMeHHbBIE v

Tpurrepol INSTEAD OF oueHb noxoxu Ha Tpurrepsl BEFORE,
HO onpeaensTcs TONbKO 418 NpeacTaBneHnin n cpabaTbiBatoT He A0,
a BMecTo onepauumu.

B 3aga4y Takmx Tpurrepos 06bI4HO BXOAUT BbINOSIHEHNE HEOOXOANMbBIX
onepauuii Hag 6a3oBbIMKU TabnMuamu nNpeacTaBneHns. Takke Tpurrep
MOXET BEPHYTb N3MeHeHHoe 3HayeHne NEW — nmeHHO OHOo 6yaeT BUAHO
npwn BbINO/IHEHUM onepaunn ¢ ykazaHnem gopasbl RETURNING.
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After row Posigres

CpabaTbiBaeT BEFORE STATEMENT

T10CJIe BBINOJIHEeHHSI OrlepaLiy
ouepenb u3 npowenmmx yciosrue WHEN

BosBpairjaemoe 3HaueHue

BEFORE ROW
MTHOPHUPYETCS INSTEAD OF ROW
KonTekct
OLD, OLD TABLE update, delete

NEW, NEW TABLE insert, update

TG-nepeMeHHbIe

AFTER ROW

<} BbINOSIHEHWE Onepauuyn ——+——

Tpurrepbsl AFTER ROW, kak 1 BEFORE ROW, cpabatbiBatoT 415 Kax oM
3aTparmBaemMoi CTPOKK, HO He cpasy nocne AencTBUS Haf CTPOKOW,

a nocne Toro, Kak BbINO/IHEHA BCSA onepauus - 4Tobbl Npyn obpalieHnn

N3 3TUX TPUITEPOB K M3MEHSoLLEelNca Tabnvue pesynstaT He 3aBucer

OT nopsaka o06paboTKn CTPOK. 159 3TOro cobbITUA CHavyasia NoMeLLalTca
B oyepeb 1 06pabaTbiBalOTCA Noc/1e OKOHYaHUA onepaumn. Yem MeHbLue
cOo6bITUIA NoNaZeT B ovepeb, TeEM MeHbLUe ByaeT HaknafHbIX pacxogoB —
NO3TOMY UMEHHO B 3TOM C/lyyae O4YeHb Nose3Ho NUCMOo/b30BaTh YCN0BME
WHEN, 4T06bl 0TCEeYb 3aBeOMO HEHY)XXHbIE CTPOKMN.

BosBpaliaemoe 3HavyeHue Tpurrepos AFTER ROW urHopupyetcs
(MocKobKy onepauus yxxe BbINosIHEHA).

KOHTEKCT TpurrepHoin doyHKLMN COCTaBNAOT:
* OLD — cTtapas cTpoka (He onpeaeneHo 415 onepaunn BCTaBkin),
* NEW — HoBoOe 3Ha4yeHune CTpoku (He onpeaeneHo A yganeHus).

Kpome 3Tnx nepemMeHHbIX, HaunHasa ¢ sepcumn 10 TpurrepHasa oyHKUmMS
MOXET NosyuYnTb AOCTYN K CneyuanbHbIM nepexoodHbIM mabiuyam
(transition tables). Tabnuua, ykazaHHas npu co3gaHun Tpurrepa kak OLD
TABLE, cogepXuT ctapble 3Ha4YeHns CTPOK, 06paboTaHHbIX TPUIrepom,
a Tabnmua NEW TABLE — HOBble 3HaUYeHUA Tex Xe CTPOK.

JOCTynHbI 1 06bl4HbIe TG-NepemMeHHble, BKoYas:
* TG_WHEN = «AFTER»,

* TG _LEVEL = «<ROW»,

e TG _OP = «INSERT»/«UPDATE»/«DELETE>.



After statement Pogga’?éﬁ

CpabaTbiBaeT BEFORE STATEMENT

T0CJjIe OTeparuu
(ma>ke ecv He 3aTPOHYTA HU OfIHA CTPOKA)

BOBBpElLL[aEMOE 3Ha4YeHue

BEFORE ROW
UTHOPHPYeTCs INSTEAD OF ROW
KoHTtekcT
OLD TABLE update, delete

NEW TABLE insert, update

AFTER ROW
TG-nepemeHHbIe

AFTER STATEMENT

<} BbINOSIHEHWE Onepauun ——+——

Tpurrep AFTER STATEMENT cpabarbiBaeT o4uH pa3s nocsie OKOH4YaHUs
onepaumn n nocne scex Tpurrepos AFTER ROW (He3aBncMmO OT TOro,
CKOJIbKO CTPOK Obl10 3aTPOHYTO).

Bo3BpallaeMoe 3Ha4YeHne TpurrepHoii oyHKLUN UTHOPUPYETCS.

KOHTEeKCT Bbl30Ba nepefaeTcs C NOMOLLbIO NepexonHbIX Tabnuy,
O6pallanch K HUM, TpurrepHas yHKLMA MOXET NpoaHaIn3mpoBaTb BCe
3aTPOHYTble CTPOKM. OBbLIYHO NepexoaHble Tabnnubl UCNOMNb3YHTCA UMEHHO
¢ Tpurrepamm AFTER STATEMENT, a He AFTER ROW.

Takke onpegeneHbl 06bluHble TG-NepeMeHHbIe:

e TG_WHEN = «<AFTER»,

* TG _LEVEL = «STATEMENT>,

e TG _OP = «INSERT»/«UPDATE»/«DELETE»/«TRUNCATE»

n ap.



IlopsAAoOK BEISOBa TPUITEPOB

Co3/aiiM «yHUBEPCATbHYI0» TPUITEPHYI0 GYHKIIHIO, KOTOpAasi OIKMCHIBAET KOHTEKCT, B KOTOPOM OHA BhI3BaHAa. KOHTEKCT
mepefiaeTcs B pas3aIUYHbIX TG-IIepeMeHHBbIX.

3aTeM CO3TaiM TPUITEPEI Ha PasIMYHbIe COOBITHS, U 6Y/IeM CMOTPETE, KaKie TPUITEPHI ¥ B KAKOM IIOPSIIKe BBISBIBAIOTCS IIPK
BBIIIOJTHEHUY OTI€PAITHii.

=> CREATE OR REPLACE FUNCTION describe() RETURNS trigger

AS $%
DECLARE
rec record;
str text := '"';
BEGIN
IF TG_LEVEL = 'ROW' THEN
CASE TG_OP
WHEN 'DELETE' THEN rec := OLD; str := OLD::text;
WHEN 'UPDATE' THEN rec := NEW; str := OLD || ' -> ' || NEW;
WHEN 'INSERT' THEN rec := NEW; str := NEW::text;
END CASE;
END IF;

TG_WHEN, TG_OP, TG_LEVEL, str;

%

RAISE NOTICE ‘% %
TG_TABLE_NAME,
RETURN rec;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Tabsmna:

=> CREATE TABLE t(
id integer PRIMARY KEY,
s text

)5

CREATE TABLE
TpuUrrepsl Ha YPOBHE 0IIEpaTopa.

=> CREATE TRIGGER t_before_stmt
BEFORE INSERT OR UPDATE OR DELETE -- cobbiTus

ON t -- Tabnuua
FOR EACH STATEMENT -- ypoBeHb
EXECUTE FUNCTION describe(); -- TpurrepHas QyHKuus

CREATE TRIGGER

=> CREATE TRIGGER t_after_stmt
AFTER INSERT OR UPDATE OR DELETE ON t
FOR EACH STATEMENT EXECUTE FUNCTION describe();

CREATE TRIGGER
U Ha ypoBHe CTPOK

=> CREATE TRIGGER t_before_row
BEFORE INSERT OR UPDATE OR DELETE ON t
FOR EACH ROW EXECUTE FUNCTION describe();

CREATE TRIGGER

=> CREATE TRIGGER t_after_row
AFTER INSERT OR UPDATE OR DELETE ON t
FOR EACH ROW EXECUTE FUNCTION describe();

CREATE TRIGGER
[Ipo6yeM BCTaBKY:
=> INSERT INTO t VALUES (1,'aaa'), (2, 'bbb');

NOTICE: t BEFORE INSERT STATEMENT:
NOTICE: t BEFORE INSERT ROW: (1,aaa)
NOTICE: t BEFORE INSERT ROW: (2,bbb)
NOTICE: +t AFTER INSERT ROW: (1,aaa)
NOTICE: t AFTER INSERT ROW: (2,bbb)
NOTICE: t AFTER INSERT STATEMENT:

2

INSERT 0



OGHOBJIEHHE:
=> UPDATE t SET s = 'ccc' WHERE id = 1;

NOTICE: t BEFORE UPDATE STATEMENT:

NOTICE: t BEFORE UPDATE ROW: (1,aaa) -> (1,ccc)
NOTICE: t AFTER UPDATE ROW: (1,aaa) -> (1,ccc)
NOTICE: t AFTER UPDATE STATEMENT:

UPDATE 1

Tpurrepsl Ha YPOBHE OIlepaTopa cpaboTaloT, ladke eCJIM KOMaH/a He 06pa6oTasa HU OHOM CTPOKH:
=> UPDATE t SET s = 'ddd' WHERE id = 0;

NOTICE: t BEFORE UPDATE STATEMENT:
NOTICE: t AFTER UPDATE STATEMENT:
UPDATE 0

Tonkuii MoMeHT: ortepaTop INSERT c nmpeztoskeHreM ON CONFLICT IpUBOJUT K TOMY, UTO cpabaTeiBaloT BEFORE-TpUITepHI U Ha
BCTaBKY, 1 Ha 0OHOBJICHHE:

=> INSERT INTO t VALUES (1,'ddd'), (3,'eee')
ON CONFLICT(id) DO UPDATE SET s = EXCLUDED.s;

NOTICE:
INSERT 0

AFTER INSERT STATEMENT:

NOTICE: t BEFORE INSERT STATEMENT:
NOTICE: t BEFORE UPDATE STATEMENT:
NOTICE: +t BEFORE INSERT ROW: (1,ddd)
NOTICE: t BEFORE UPDATE ROW: (1,ccc) -> (1,ddd)
NOTICE: t BEFORE INSERT ROW: (3,eee)
NOTICE: t AFTER UPDATE ROW: (1,ccc) -> (1,ddd)
NOTICE: t AFTER INSERT ROW: (3,eee)
NOTICE: t AFTER UPDATE STATEMENT:
t
2

U, HaKOHell, yaJleHHe:
=> DELETE FROM t WHERE id = 2;

NOTICE: t BEFORE DELETE STATEMENT:
NOTICE: t BEFORE DELETE ROW: (2,bbb)
NOTICE: t AFTER DELETE ROW: (2,bbb)
NOTICE: t AFTER DELETE STATEMENT:
DELETE 1

[t iosiBuBIerocs: B PostgreSQL 15 onepatopa MERGE cIieripaIbHOTO TPUITEpa HeT, pab0TaloT TPUITEePHl Ha 00HOBJIEHNE,
yZiaJleHHe U BCTaBKY:

=> MERGE INTO t
USING (VALUES (1, 'fff'), (3, 'gag'), (4, 'hhh')) AS vals(id, s)
ON t.id = vals.id
WHEN MATCHED AND t.id = 1 THEN
UPDATE SET s = vals.s
WHEN MATCHED THEN
DELETE
WHEN NOT MATCHED THEN
INSERT (id, s)
VALUES (vals.id, vals.s);

NOTICE: t BEFORE INSERT STATEMENT:

NOTICE: t BEFORE UPDATE STATEMENT:

NOTICE: t BEFORE DELETE STATEMENT:

NOTICE: +t BEFORE UPDATE ROW: (1,ddd) -> (1,fff)
NOTICE: t BEFORE DELETE ROW: (3,eee)

NOTICE: +t BEFORE INSERT ROW: (4,hhh)

NOTICE: t AFTER UPDATE ROW: (1,ddd) -> (1,fff)
NOTICE: t AFTER DELETE ROW: (3,eee)

NOTICE: t AFTER INSERT ROW: (4,hhh)

NOTICE: t AFTER DELETE STATEMENT:

NOTICE: t AFTER UPDATE STATEMENT:

NOTICE: t AFTER INSERT STATEMENT:

MERGE 3

IlepexoaHbIe TaGIHITBI

HanmieM TpUITepHYI0 GYHKITHIO, II0Ka3BIBAIONIYIO COJeP>KIMOe ITePeX0fHBIX TabJIHII. 3/iech MBI HCII0/Ib3yeM UMeHa old_table u
new_table, KOTopble 6YAYT 06BSIBIEHBI IIPU CO3laHUU TPUITEpPa.



IlepexoHbIe TaBIUIIBI «BBITJIS/IAT» HACTOSIIIMMH, HO He IIPUCYTCTBYIOT B CHCTEMHOM KaTaJIOTe M PACIIOIaraloTcs B OIlepaTUBHOM
HaMATH (XOTSI U MOTYT cO6packIBaThCs Ha JUCK IIPH 60JIBIIIOM 06beMe).

=> CREATE OR REPLACE FUNCTION transition() RETURNS trigger
AS $$
DECLARE
rec record;
BEGIN
IF TG_OP = 'DELETE' OR TG_OP = 'UPDATE' THEN
RAISE NOTICE ‘Crapoe cocTosHue:';
FOR rec IN SELECT * FROM old_table LOOP
RAISE NOTICE 'S%', rec;
END LOOP;
END IF;
IF TG_OP = 'UPDATE' OR TG_OP = 'INSERT' THEN
RAISE NOTICE 'HoBoe cocTosiHue:';
FOR rec IN SELECT * FROM new_table LOOP
RAISE NOTICE 'S%', rec;

END LOOP;
END IF;
RETURN NULL;

END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Co37auM HOBYIO TaGJIHILY:

=> CREATE TABLE trans(
id integer PRIMARY KEY,
n integer

)i

CREATE TABLE
=> INSERT INTO trans VALUES (1,10), (2,20), (3,30);
INSERT 0 3

YT0G6HI ITPH BHIIIOTHEHUH OIlepaIliH CO3aBaIUCh IIePeXO/HbIe Ta6IUIIbI, He06X0/IMO YKa3bIBaTh MX UMeHa IIPH CO3TaHUN
TPUITEpPA:

=> CREATE TRIGGER t_after_upd_trans

AFTER UPDATE ON trans -- ToNbKO OfHO cOObITUE Ha OOMH TpuUrrep
REFERENCING

OLD TABLE AS old_table

NEW TABLE AS new_table -- moxHO M opHy, He obs3aTenbHo obe

FOR EACH STATEMENT
EXECUTE FUNCTION transition();

CREATE TRIGGER
IIpoBepuM:
=> UPDATE trans SET n = n + 1 WHERE n <= 20;

NOTICE: Crapoe cocCcTofHue:
NOTICE: (1,10)

NOTICE: (2,20)

NOTICE: HoBoe cocTofiHue:
NOTICE: (1,11)

NOTICE: (2,21)

UPDATE 2

[lepexo/HbIe TaGIHIIBI COAEP>KAT TOILKO Te CTPOKH, KOTOPbIe 6bUIN 3aTPOHYTHI OIIepariHeit.

JJ1s1 onlepaliiii BCTaBKH U y/ja/IeHHs IlepeXoHble TabIHUIIpl pab0Tal0T TOYHO TaK JKe, HO JOCTYIIHA 6yZieT TOJIbKO OfHA M3 TabJIHII:
NEW TABLE miu OLD TABLE cooTBeTCTBEHHO.

ITockoJbKy Tpurrepbl AFTER ROW cpabaThIBaroOT II0CJIE BHITIOJTHEHUS BCel oIlepaliyii, I1epexoHble Ta6IHIlEl MOXKHO
HCII0JIb30BaTh U B HUX. HO 0O6BIYHO 3TO He MMeeT CMBICJIA.
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BO3MO)XHOEe UCMNO/Ib30BaHNe Posiares

BEFORE STATEMENT - TIpOBepKa NMPUMEeHUMOCTH OTlepaLiuu

TIpOBepKa KOPPEKTHOCTH;
BEFORE ROW -
MoJU(UKALUS CTPOKU

INSTEAD OF ROW -~ u3MeHeHHe 0a30BbIX Tab/UL] ITPeACTaBIeHUS]

MIpOBEepPKa COI/IaCOBaHHOCTH,
B TOM UKCJIe Ha YPOBHE TaO/IHIIbI;
AFTER ROW - - «ayfuT» omepauii;
777777 KaCKa/[HOe U3MeHeHHe Tabsiui]
(meHopManu3aiiusi, aCHHXPOHHas

obpaboTka...)

AFTER STATEMENT

<«——+—+— BbINOSIHEHWE ONepaLum
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KakoBO npakTnyeckoe NpumMmeHeHne TpurrepoB?

BEFORE-Tpurrepsl MOXHO MCNO/b30BaTh 4J/19 NPOBEPKM KOPPEKTHOCTU
onepauun n Npu Heo6xoaUMOCTU Bbi3blBaTb OLLMOKY.

Tpurrepsl BEFORE ROW MOXHO NPUMEHATb A/19 MOANMPUKALIMK CTPOKM
(Hanpumep, 3anoNIHUTb MNYCTOE NOoJIe HY)XXHbIM 3Ha4YeHneM). ITo bbiBaeT
yA06HO, YTOObI HE MOBTOPATL JSIOTMKY 3aMN0STHEHUSA «KTEXHUYECKMX» NoNe
B K&XXJ0i onepauunn, a Takke No3sBosisieT BMeLlaTbCca B paboTty
NPUNOXEHUSA, KO KOTOPOro HeAOCTYNeH ANA USMEHEHUS.

Tpurrepbl INSTEAD OF ROW npuMeHSAT Ana Toro, 4tobbl 0To6pasunTb
onepauun Haf npeacTaBneHnem B onepaunn Hag 6a3oBbiMy Tabnnuamu.

Tpurrepel AFTER ROW u AFTER STATEMENT nonesHbl B cfiyyasx, korga
HY)>XHO 3HaTb TOYHOE cocTosHMe nocrie onepaunn (BEFORE-Tpurrepsl
MOTYT B/IMATb Ha pe3ynbTaT, Tak YTO Ha 3TOM 3Tane ACHOCTU eLle HEeT):

* /151 NPOBEPKM COrNacoBaHHOCTY onepauuu;
* [ONS «ayAuTa», TO eCTb 3anncu N3MeHeHuli B OTAE/bHOE XPaHUNLLE;

e [/15 KackagHOoro naMeHeHus gpyrux tabnuy (Hanpmuvep, 06HOBAATb
[EeHOpMaIM30BaHHble AaHHble Npu N3MeHeHnn 6a3oBbix Tabnuy, 1n
3anucbiBaTb U3MEHEHUS B ovepe/b AN nocnepytouiein 06paboTku BHe
[AHHOW TpaH3akumn).

Ecnn onepayun 3aTparmBatoT cpasy MHOIo CTPOK, To Tpurrep AFTER
STATEMENT c nepexogHbiMn TabnvuamMm MOXET okasaTbCcs 6onee
apdpekTBHbIM pelueHnem, yem Tpurrep AFTER ROW, nockosibKy
No3BO/ISAET 06pabaTbiBaTb BCE M3MEHEHMS MAaKeTHO, a He MOCTPOYHO.
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C/NOXXHOCTU Posigres

KO,Z[ BbI3bIBAETCSA HEABHO

CJIO’KHO OTCJIE/IUTh JIOTHKY BBITIOJTHEHUSI
[IpaBria BUAUMOCTU U3MEHUHMBOW TPUTTEPHOM (YHKLIUU
BuzeH pesynerar TpurrepoB BEFORE ROW umu INSTEAD OF ROW
[TopsI0K BbI30Ba TPUTTEPOB IJIsT OJHOTO COOBITHS
TPUTTepbI 0TPabaTHIBAIOT B a/1haBUTHOM TIOPsiZIKe
He nipesoTBpaiiiaetcsa 3alUKIMBaHue
TPUITEP MOXKET BbI3BaTh cpabaTbiBaHUe APYTUX TPUTTEPOB
Mo>kHO HApPYLIWUTb OrpdHHUY€e€HHA [1€/JIOCTHOCTH

HarnpuMep, UCK/TIOUMB U3 00pabOTKM CTPOKH, KOTOPbIe 0/DKHBI YA TUThCS
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O[HaKo He CTOUT 3/10yNoTPe6SATb Tpurrepamu. Tpurrepbl cpabaTtbiBatoT
HEesIBHO, UTO CU/IbHO 3aTPyAHSIET NOHMMAaHKE NOrMKN paboThbl U KpaiiHe
YCNOXHAET NoAAePXKKY NpuIoxeHus. MonbITKM peann3oBaTb CI0XHYIO
NOTUKY Ha Tpurrepax 06bIYHO 3aKaHYMBAKTCSA M/1a4YeBHO.

B HEKOTOpbIX Cnyyasx BMECTO TPUITepoB MOXHO UCMO/1b30BaTb
Bbluncnsemole nond (GENERATED ALWAYS AS ... STORED). Takoe
peLleHne — ecniv OHO NoAXoAnT — ByAeT 3aBefOMO NPoLLe 1 npo3pavHee.

ECTb psif, TOHKOCTEM, CBSA3aHHbIX C TPUITepaMu, KOTOpPble Mbl CO3HATE/TbHO
He paccMaTpuBaeM NnoapoGHO:

npasuna BMANMOCTN N3MeH4YMBbLIX (volatile) doyHKunin B Tpurrepax
BEFORE ROW n INSTEAD OF ROW (He ctouT obpauiarbca K Tabnuue,
nonarascb Ha NopsiAoK, B KOTOPOM cpaboTatoT Tpurrepsbl);

NOpPSA0K BbI30Ba HECKO/TbKNX TPUITEPOB, 06pabdaTbiBatoLnX O4HO U TO Xe
Cco6bITME (He cTouT ycyrybnaTtb n 6e3 Toro HesiBHOe cpabaTbiBaHue
TPUITEPOB 3aBSA3KOW Ha NnocsieqoBaTe/ibHOCTb 006paboTKK);

BO3MOXHOCTb 3aLUUK/INBaHNS B Cllyyae KackaHoro cpabatbiBaHus!
[PYrMX TPUIrepoB, KOTopble, B CBOK ovyepeb, MOryT NPMBOAMTL K HOBbIM
cpabaTtblBaHUsIM AAaHHOTO TPUITEPa;

BO3MOXHOCTb HapyLLUNTb OrPaHNYeHns LLeTIOCTHOCTH (Hanpumep, npu
NCKNHYEHUN N3 06pabOoTKM CTPOKK, KoTopas yaansaercs ycnosmem ON
DELETE CASCADE, MOXeT 6bITb HapyLleHa CCbl/Io4HasA UefioCTHOCTb).

ECnu Bbl CTO/MIKHY/IUCh C TEM, YTO 3TV TOHKOCTW BaXHbI /151 BALLErO
NPUIOXEHUS — CEePbE3HO 3ayManTeCh.



ITpuMepHI HCHO/Ib30BaHHUA TPUITEPOB

IIpuMep 1: coxpaHeHHe UCTOPUH U3MeHEHHS CTPOK.

IIycTh ecTh TabJIMIIA, CoflepoKalliast akTyaIbHbIe JaHHbIe. 3a/jladya COCTOUT B TOM, YTOOBI B OT/IeIbHOM TabJIHIle COXPaHSITh BCIO
HUCTOPHIO U3MEeHEeHUs CTPOK OCHOBHOM Ta6JINIIBL.

HOAAEP}KKY I/ICTOPI/I‘IECKOI;I Ta6JII/H_H;I MO>KHO GBLIO OBI BO3JIOXKUTH Ha IIpUIO’KeHUe, HO TOr4a BeJIMKa BEPOATHOCTD, YTO B KaKUX-
TO C/Iy4dasX HU3-3a OITH60K HCTOpUA He 6yp;eT COXpPaHATHCA. H03TOMy penrtuM s3ataqy ¢ IIOMOINBIO TPUITEPA.

OcHOBHas TabJIHIa:

=> CREATE TABLE coins(
face_value numeric PRIMARY KEY,
name text

)i
CREATE TABLE

Hctopuueckas TabsuIia o/DKHA Ha3bIBaThCS Tak JKe, KaK 0CHOBHAs, HO 3aKaHUMBaThCs Ha «_history». CHauasa co3fjaeM KJIOH
OCHOBHOM TabJIAIIHL...

=> CREATE TABLE coins_history(LIKE coins);
CREATE TABLE
...F 3aTeM JI06aBJISIEM CTOJIGIIEI «eMCTBUTEILHO C» B «eMCTBUTEILHO TI0%:

=> ALTER TABLE coins_history
ADD start_date timestamp,
ADD end_date timestamp;

ALTER TABLE
OpHa TpurrepHast QYHKIIHS GyAeT BCTaBJISITH HOBYIO HCTOPHUYECKYIO CTPOKY C OTKPHITHIM HHTEPBAJIOM JeHCTBUS:

=> CREATE OR REPLACE FUNCTION history_insert() RETURNS trigger
AS $$
BEGIN
EXECUTE format(
"INSERT INTO %I SELECT ($1).*, current_timestamp, NULL',
TG_TABLE_NAME| | '_history"
) USING NEW;

RETURN NEW;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
JApyras yHKIMA 6yAeT 3aKpbIBaTh HHTePBaJI IeMCTBUS UCTOPUYECKOM CTPOKHU:

=> CREATE OR REPLACE FUNCTION history_delete() RETURNS trigger
AS $$
BEGIN
EXECUTE format(
'UPDATE %I SET end_date = current_timestamp WHERE face_value = $1 AND end_date IS NULL',
TG_TABLE_NAME| | ' _history'
) USING OLD.face_value;

RETURN OLD;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

Tenepb Co3gaiuM TPUITEPEI. Ba)kHbIle MOMEHTHI:

e OOHOBJIEHHE TPaKTyeTcsd KaK y/laJeHHe U IT0cIe/[yolas BCTaBKa; 3/leCh Ba>kKeH IT0PS/0K, B KOTOPOM cpab0TaroT TPUITEPHI
(1o asndaBuTy).

e Current_timestamp BosBpalljaeT BpeMsl HauaJ/la TpaH3aKIHH, II09TOMY IIpH 0GHOBJIEHHHU start_date ofiHOIM CTPOKH 6yeT
paBeH end_date pyToii.

e lcmosb3oBaHue AFTER-TpUITepOB 1103BoJIsIeT U36ekaTh 1po6sieM ¢ INSERT ... ON CONFLICT 1 IoTeHIIMaIbHEIMU
KOHQJIMKTaMH C JPYyTHMHU TPUITepaMH, KOTOPble MOTYT CyII[eCTBOBATh Ha OCHOBHOM TabJnIle.

=> CREATE TRIGGER coins_history_insert
AFTER INSERT OR UPDATE ON coins
FOR EACH ROW EXECUTE FUNCTION history insert();



CREATE TRIGGER

=> CREATE TRIGGER coins_history_delete
AFTER UPDATE OR DELETE ON coins
FOR EACH ROW EXECUTE FUNCTION history_delete();

CREATE TRIGGER

[IpoBepUM paGOTy TPUITEPOB.

=> INSERT INTO coins VALUES (0.25, 'Monywka'), (3, 'AntbiH');
INSERT 0 2

=> UPDATE coins SET name = '3 koneiiku' WHERE face_value = 3;
UPDATE 1

=> INSERT INTO coins VALUES (5, '5 koneek');

INSERT 0 1

=> DELETE FROM coins WHERE face_value = 0.25;

DELETE 1

=> SELECT * FROM coins;

face value | name
............ Fom e e - oo
3 | 3 koneunkwu
5 | 5 koneek
(2 rows)

B ucTOpHYecKOM TabINIle XPaHUTCS BCSI UCTOPHUS U3MEeHeHMIH:
=> SELECT * FROM coins_history ORDER BY face_value, start_date;

face value | name start _date | end date

3 | AnTbiH 2025-06-24 04:36:34.481538 | 2025-06-24 04:36:36.575901
2025-06-24 04:36:36.575901 |
2025-06-24 04:36:37.646026 |

I

+
0.25 | Monyuwka | 2025-06-24 04:36:34.481538 | 2025-06-24 04:36:39.686557

I

3 | 3 koneunku |

5 | 5 koneek |

(4 rows)

U Tenepsb 110 HeM MO>KHO BOCCTAaHOBUTH COCTOSTHHE Ha JIFDO0M MOMEHT BpeMeHH (3T0 HEMHOT0 HalloMHUHaeT paboTy MexaHHU3Ma
MVCC). Hanpumep, Ha camoe Havdajlo:

=> \set d '2025-06-24 04:36:34.524876+03"'

=> SELECT face_value, name

FROM coins_history

WHERE start_date <= :'d' AND (end_date IS NULL OR :'d' < end_date)
ORDER BY face_value;

face value | name
............ .
0.25 | Monywka
3 | AnTbiH
(2 rows)

IIpIIBIE])BIIICIIOJIBS(ﬂBal{IUl'TpIITFeINJB

IIpuMep 2: 0GHOBJISIEMOE IIPe/ICTaBJIeHHUE.
IIycTh UMEIOTCS /iBe TaGJIUITBI: a9POIIOPTEI U PEHCHL:

=> CREATE TABLE airports(
code char(3) PRIMARY KEY,
name text NOT NULL

)i

CREATE TABLE

=> INSERT INTO airports VALUES

('SV0', 'Mockea. llepemetbeBo'),
('LED', 'CaHkT-MeTepbypr. NMynkoeo'),
('TOF', 'Tomck. boraweBo');

INSERT 0 3



=> CREATE TABLE flights(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
airport_from char(3) NOT NULL REFERENCES airports(code),
airport_to char(3) NOT NULL REFERENCES airports(code),
UNIQUE (airport_from, airport_to)

)i

CREATE TABLE

=> INSERT INTO flights(airport_from, airport_to) VALUES
('SvVo','LED');

INSERT 0 1
JL1s1 yIo6CeTBa MOYKHO OIIPE/IE/IUTD IIPefICTaBIeHUE:

=> CREATE VIEW flights_v AS
SELECT id,
(SELECT name
FROM airports
WHERE code = airport_from) airport_from,
(SELECT name
FROM airports
WHERE code = airport_to) airport_to
FROM flights;

CREATE VIEW
=> SELECT * FROM flights_v;

id | airport from | airport to
i o e e e e e e e e e imioooo-

1 | MockBa. llepemetbeBo | CaHkT-lMeTtepbypr. [lynkoso
(1 row)

Ho Takoe IIpeacTaB/IeHe He NOITyCKaeT H3MeHeHUN. HaHpHMep, He II0JIyYUTCd USMEHUTH IIYHKT HasHaueHUd TaKUM 06pa30M:

=> UPDATE flights_v
SET airport_to = 'Tomck. Boraweso'
WHERE id = 1;

ERROR: cannot update column "airport to" of view "flights v"
DETAIL: View columns that are not columns of their base relation are not updatable.

O,I[HaKO MBI MOJKEM OIIpEe/IUTh TPUITEP. TpHrrepHa;{ Q)YHKI.II/IFI MOJKET BBIIVIA1eTh, HAIIpHMEP, TaK (,E[JIFI KpPaTKOCTH
oGpaﬁaTmBaeM TOJIBKO a3pOoIIOPT Ha3HaUYeHUs1, HO He COCTaBUT TPpyJa AO6aBI/ITI:: U aspoIIopT BBLJIETA):

=> CREATE OR REPLACE FUNCTION flights_v_update() RETURNS trigger
AS $%
DECLARE
code_to char(3);
BEGIN
BEGIN
SELECT code INTO STRICT code_to
FROM airports
WHERE name = NEW.airport_to;
EXCEPTION
WHEN no_data_found THEN
RAISE EXCEPTION 'Asponopt "%" orcytcTtByet', NEW.airport_to;
END;
UPDATE flights
SET airport_to = code_to
WHERE id = OLD.id; -- u3meHeHue id urHopupyem
RETURN NEW;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Y cam Tpurrep:

=> CREATE TRIGGER flights_v_upd_trigger
INSTEAD OF UPDATE ON flights_v
FOR EACH ROW EXECUTE FUNCTION flights_v_update();

CREATE TRIGGER
IIpoBepumMm:

=> UPDATE flights_v
SET airport_to = 'Tomck. Boraweso'
WHERE id = 1;



UPDATE 1
=> SELECT * FROM flights_v;

id | airport from | airport to
O L
1 | Mocksa. llepeMeTbeBo | Tomck. boraweso
(1 row)

TIOIIBITKA U3MEHUTH a3pOIIOPT Ha OTCYTCTBYIOIIMM B TaGJIHIIE:

=> UPDATE flights_v
SET airport_to = 'lxHo-CaxanuHck. XomyToBO'
WHERE id = 1;

ERROR: Asponopt "l0xHO-CaxanuHCK. XOMyTOBO" OTCYTCTBYyeT
CONTEXT: PL/pgSQL function flights v update() line 11 at RAISE
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CoObITUNHBLIE TPUTTEPDI Pos{gres

CoOBITUMHBIN TPUTTEP
MIOXO0K Ha OOBIUHBIN «Tab/JINUHBIN» TPUTTEP, HO APYrOi 00BEKT
TpurrepHasi GyHKLYS

coramreHye: GyHKLHS He IPUHAMAET TlapaMeTpBhl,
BO3BpalllaeT 3HaUYeHHe MICeB/I0TUIIA event_trigger

AJIA TIOJTy4Y€HUA KOHTEKCTA C/IYKaT CIieljhd/IbHbIe d)YHKI_[I/II/I

CoOrITHS
DDL_COMMAND_START repe, BbIIIO/IHEHWEM KOMaH/IbI
DDL_COMMAND_END T10CJ1e BBITIOJIHeHUSA KOMaH/[bl
TABLE_REWRITE Tiepe[ Tiepe3arychbio TabHLIbI
SQL_DROP TIocJie yaaneHust 00beKTOB
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CoObITUIHbIE TPUITEPbI — MO CYTU TE Xe TpUrrepbl, HO cpabaTbiBatOT OHU
He Ha DML-, a Ha DDL-onepauun (CREATE, ALTER, DROP, COMMENT,
GRANT, REVOKE) 1 He npuBsi3aHbl K ornpeaeneHHoMy 06bekTy 6a3bl
AaHHbIX.

Takne Tpurrepbl SIBASIOTCS HE MHCTPYMEHTOM Pa3paboTKy NPUIOXKEHW,
a cKkopee cnyxart Ans pelleHus 3aga4y agMMHUCTPUPoBaHus. Moatomy
30eCb Mbl YNIOMUHAEM UX TO/TbKO A/151 NO/THOTbI KAPTUHBI U PACCMOTPUM
TO/IbKO NPOCTbIE NPUMEPbI.

https://postgrespro.ru/docs/postgresql/16/event-trigger-definition
https://postgrespro.ru/docs/postgresgl/16/event-trigger-matrix
https://postgrespro.ru/docs/postgresql/16/sql-createeventtrigger
https://postgrespro.ru/docs/postgresql/16/functions-event-triggers



https://postgrespro.ru/docs/postgresql/16/event-trigger-definition
https://postgrespro.ru/docs/postgresql/16/event-trigger-matrix
https://postgrespro.ru/docs/postgresql/16/sql-createeventtrigger
https://postgrespro.ru/docs/postgresql/16/functions-event-triggers

Tpurrepsl COOBITHIA

IIpumep Tpurrepa s co6eiTus ddl_command_end — 3aBepmieHue DDL-oneparuu.
CospgagyuM QyHKITHIO, KOTOPasi OIIMChIBaeT KOHTEKCT BBI30Ba:

=> CREATE OR REPLACE FUNCTION describe_ddl() RETURNS event_trigger
AS $%
DECLARE
r record;
BEGIN
-- [na co6bitus ddl_command_end KOHTEKCT Bbi30Ba B CneuuanbHON ¢YyHKLUM
FOR r IN SELECT * FROM pg_event_trigger_ddl_commands()
LooP
RAISE NOTICE '%. Ttun: %, OID: %, umaA: % ',
r.command_tag, r.object_type, r.objid, r.object_identity;
END LOOP;
-- OYHKUMM Tpurrepa coObiTUii He HYXHO BO3BpaWaTb 3Ha4YyeHue
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
CaM TpHITED:

=> CREATE EVENT TRIGGER after_ddl
ON ddl_command_end EXECUTE FUNCTION describe_ddl();

CREATE EVENT TRIGGER
Co3paeM HOBYIO TabJIHITy:
=> CREATE TABLE tl(id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY);

NOTICE: CREATE SEQUENCE. Ttun: sequence, O0ID: 16459, wumsa: public.tl id seq
NOTICE: CREATE TABLE. tun: table, 0ID: 16460, wmsa: public.tl

NOTICE: CREATE INDEX. tun: index, OID: 16463, wmsa: public.tl pkey
NOTICE: ALTER SEQUENCE. tun: sequence, 0ID: 16459, uma: public.tl id seq
CREATE TABLE

Co3gaHue TaGIHUITE MOYKET IIPUBECTH K BBIITOTHEHHIO HECKOJIBKUX KoMaH/, DDL, T03TOMY GYHKITHS
pg_event_trigger_ddl_commands Bo3BpalllaeT MHOKeCTBO CTPOK.

Tpurrep Ha cob6eITHe table_rewrite cpabaThIBaeT Jj0 lepesanucy Tabaunbl KoMaHAaMu ALTER TABLE u ALTER TYPE. ®yHKIHA
HIDKe BbIBeJleT MHQOPMAIIHIO O Ilepe3alchiBaeMOM TabInIle U KOJl, OITMCHIBAIOIINI IIPUYHHY IIepe3allkCH:

=> CREATE FUNCTION describe_rewrite() RETURNS event_trigger
AS $$
BEGIN

-- Ons cobbiTus table_rewrite cneunanbHbie QyHKUMKM BO3BpawWawT AaHHbIE:

RAISE NOTICE 'BypeTt nepe3anucaHa Tabnuua %, kop %',
pg_event_trigger_table_rewrite_oid()::regclass, -- nepesanucwiBaemas Tabnuua
pg_event_trigger_table_rewrite_reason(); -- kop npu4uHbl nepesanncu

END
$$ LANGUAGE plpgsql;

NOTICE: CREATE FUNCTION. Tun: function, OID: 16465, uma: public.describe rewrite()
CREATE FUNCTION

Terepb co3faeM TPUITEp:

=> CREATE EVENT TRIGGER before_rewrite
ON table_rewrite EXECUTE FUNCTION describe_rewrite();

CREATE EVENT TRIGGER
H3MeHUM TabIUIy — HasHauYMUM JJPYTroM THII cTOosI61Iy id:
=> ALTER TABLE t1 ALTER COLUMN id type bigint;

NOTICE: bypeT nepesanucaHa Tabnuua tl, kop 4

NOTICE: ALTER SEQUENCE. tun: sequence, OID: 16459, wmsa: public.tl id seq
NOTICE: ALTER TABLE. Tun: table, OID: 16460, wmsa: public.tl

ALTER TABLE

XoTs Iepesaluch TabIUIBI MOYKeT OBITH BBI3SBaHa U IPYTUMH KoMaH/jaMH, B 9acTHOCTH CLUSTER u VACUUM FULL, co6eITHE
table_rewrite 7151 HUX He BBI3HIBAeTCS.
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Toru Posygres

Tpurrep — crnocob oTpearpoBarh Ha BO3HUKHOBEHHE COOBITHS

C MOMOII[bIO TPUITEPA MOKHO OTMEHMUTh OTepaliyio,
M3MEeHUTh ee pe3y/ibTaT WIU BbIOTHUTD JOTI0THUTEeTbHbIE
JIeCTBUS

Tpurrep BbINOMHIETCS KaK YaCTh TPaH3aKL1Y;
oiMbKa B TpUrrepe MPUBOJUT K OTKAaTy TPaH3aKLUU

Ncnonb3oBanre TpurrepoB AFTER ROW u niepexogHbIX Tab/ui]
yZopokaeT 06paboTKy

Bce xopol1110 B Mepy: CJIO)KHYIO JIOTUKY TPYAHO OT/IaKUBATh
13-3a HESIBHOTO BBITTO/THEHUSI TPUTTEPOB

16



of] PROFESSIONAL

Mpaktuka L) Posigras

1. Co3patite Tpurrep, o0pabaTbIBaroIIii 0OHOB/IEHHE TTOJIS
onhand_qty nipesactaBnenus catalog_v.

[TpoBepkTe, uTo B «Kartasore» mosiBuiach BO3MOYKHOCTb
3aKa3bIBaTh KHUTH.

2. O6ecrieubTe BBINO/HEHWE TPeOOBaHKS COTTIACOBAHHOCTH:
KOJTMYEeCTBO KHUT Ha CKJIaJie He MOXKeT ObITh OTPUIIaTeTbHbIM
(He/b3s1 KyIUTh KHUTY, KOTOPOW HEeT B HAJIMUMK).

BHuMarebHO NpOBephbTe MPaBUILHOCTb peanu3aliiy, yUUThIBas,
YTO C TIPUIO’KEHWEM MOT'YT OIHOBPEMEHHO paboTaTh HECKOJTLKO
M0JIL30BaTeJIeH.
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2. MOXeT nokasartbCsl, UTO AoCcTaTovHO co3aaTtb AFTER-Tpurrep Ha Tabnuue
operations, nogcunTbiBalOLWMii cymmy gty change. OgHako Ha ypoBHE
nsonaumm Read Committed, ¢ KOTOpbIM paboTaeT NPUNOXeHNe «KHMKHbIR
MarasuH», Ham npuaeTca 61oKMpoBaTb Tabnuuy operations B 3KCK/HO3VBHOM
pexnme — nHadye BO3MOXHbI CLieHapumn, Npu KOTOPbIX Takas npoBepka

He cpaboTaert.

Jlydwe nocTynuTb cneayrowmnmm obpasom: obasuTb B Tabnuuy books none
onhand_qty 1 co3gaTb TpUrrep, U3MEHSIOLWWIA 3TO None NPU N3MEHEHUN
Tabnvubl operations (To eCTb, pakTUYECKU, BbINOMHUTL AeHOopMann3awmio
AaHHbIX). Ha none onhand_qgty Tenepb MOXHO Ha/MOXUTb OrpaHNn4yeHne
CHECK, peanusyouiee TpeboBaHne coriacoBaHHOCTU. A thyHKLNA
onhand_qty(), KOTopyo Mbl cOo3AaBa/in paHee, 60/1blLEe He HYXHa.

Oco60e BHUMaHWe Hal0 YAeNUTb HayaslbHOM YCTAaHOBKE 3HAYEHUS,
YUMTbIBas!, YTO OJIHOBPEMEHHO C BbINO/IHEHWEM HaLLIMX ONepaLunii B cucteme
MOryT paboTatoT Nosib30BaTesn.



1. Tpurrep A1 00HOBJIEHHA KaTajora

=> CREATE FUNCTION update_catalog() RETURNS trigger

AS $$

BEGIN
INSERT INTO operations(book_id, qty change) VALUES

(OLD.book_id, NEW.onhand_qty - coalesce(OLD.onhand_qty,0));

RETURN NEW;

END

$$ VOLATILE LANGUAGE plpgsql;

CREATE FUNCTION

=> CREATE TRIGGER update_catalog_trigger
INSTEAD OF UPDATE ON catalog_v

FOR EACH ROW

EXECUTE FUNCTION update_catalog();

CREATE TRIGGER

2. IIpoBepka Ko/1myecTBa KHUT

JlobaBiisseM K TabJIMLle KHUT I10Jle HaJIMYHOTO KOJIH4YecTBa. (/lo Bepcru 11 BayKHO 6BIJI0 YUUTHIBATh, YTO yKa3aHUe IIPe/JI0KeHHs
DEFAULT BEI3BIBAJIO IIepe3alych BCeX CTPOK TabJIHIIB], YAepKUBas 6JI0KHPOBKY.)

=> ALTER TABLE books ADD COLUMN onhand_qty integer;

ALTER TABLE

TpurrepHast pyHKIMs st AFTER-TpUITepa Ha BCTaBKYy /JIsI 0OHOBJIEHHS KOJIMUeCTBa (IIpefIiosaraeM, 4To 1oje onhand_gqty He
MOJKeT OBITh ITIyCTHIM):

=> CREATE FUNCTION update_onhand_qty() RETURNS trigger
AS $%
BEGIN
UPDATE books
SET onhand_qty = onhand_qty + NEW.qty_change
WHERE book_id = NEW.book_id;
RETURN NULL;
END
$$ VOLATILE LANGUAGE plpgsql;

CREATE FUNCTION

JlaJtblite BCe TIPOUCXOAUT BHYTPU TPaH3aAKIHH.
=> BEGIN;

BEGIN

BJIOKHpyeM OIlepaIfiy Ha BpeMsl TPaH3aKI[HH:
=> LOCK TABLE operations;

LOCK TABLE

HavasibHOe 3aIl0THeHYe:

=> UPDATE books b

SET onhand_qty = (
SELECT coalesce(sum(qty_change),0)
FROM operations o
WHERE o.book_id = b.book_id

)i

UPDATE 6

Teneps, Kor/a 1oJie 3aro/JIHeH0, 3a7jaeM OTpaHuYe s

=> ALTER TABLE books ALTER COLUMN onhand_qty SET DEFAULT 0;
ALTER TABLE

=> ALTER TABLE books ALTER COLUMN onhand_qty SET NOT NULL;
ALTER TABLE

=> ALTER TABLE books ADD CHECK(onhand_qty >= 0);



ALTER TABLE
CosgaeM TpurTep:

=> CREATE TRIGGER update_onhand_qty_trigger
AFTER INSERT ON operations

FOR EACH ROW

EXECUTE FUNCTION update_onhand_qty();

CREATE TRIGGER
T'oToBoO.

=> COMMIT;
COMMIT

Tenepb books.onhand_qty 06HOBJIsIeTCs, HO IIpeficTaBIeHHe catalog v IIo-IIpe>KHeMy BBI3BIBaeT QYHKITHIO [JIS IT0/icUeTa
KOJIMUecTBa. X0Th B MCXO/IHOM 3aIIpoce o6paltieHue K QyHKITUHN CHHTaKCUYeCKH He 0TJIMYaeTCsI OT 0OpalleHus K I10JII0, 3aIIpoC
OBLT 3aII0MHEH B [PyTOM BU/IE:

=> \d+ catalog_v

View "bookstore.catalog v"

Column |  Type | Collation | Nullable | Default | Storage | Description
-------------- R i e R it R e
book_id | integer | | | | plain
title | text | | | | extended |
onhand gty | integer | | | | plain
display name | text | | | | extended |
authors | text | | | | extended |

View definition:
SELECT book id,
title,
onhand qty(b.*) AS onhand qty,
book name(book id, title) AS display name,
authors(b.*) AS authors
FROM books b
ORDER BY (book name(book id, title));
Triggers:
update catalog trigger INSTEAD OF UPDATE ON catalog v FOR EACH ROW EXECUTE FUNCTION
update catalog()

[ToaTOMY IIEpeco3qa uM IIpe/iCTaBIeHHe:

=> CREATE OR REPLACE VIEW catalog_v AS
SELECT b.book_id,
b.title,
b.onhand_qty,
book_name(b.book_id, b.title) AS display_name,
b.authors
FROM  books b
ORDER BY display_name;

CREATE VIEW

Ternepb GYHKITUIO MOKHO YAAIUTD.

=> DROP FUNCTION onhand_qty(books);

DROP FUNCTION

HeGoJibIad IpoBepKa:

=> SELECT * FROM catalog_v WHERE book_id = 1 \gx

<] RECORD 1 Js-ecmmmmommmmcmomce oo ceeeceeece

book id | 1

title | Cka3ska o uape CanTtaHe

onhand_qty | 19

display name | Cka3ka o uape Cantane. MNywkuH A. C.
authors | NywkuH AnekcaHpp Cepreesuy

=> INSERT INTO operations(book_id, qty_change) VALUES (1,+10);
INSERT 0 1

=> SELECT * FROM catalog_v WHERE book_id = 1 \gx



<] RECORD 1 Ja-ecmmmmommmmcmcmmce oo e e ceeeee

book id | 1

title | Cka3ska o uape CanTtaHe

onhand_qty | 29

display name | Cka3ka o uape Cantane. MNywkuH A. C.
authors | NywkuH AnekcaHpp Cepreesuy

HeKoppeKTHBIE OIIePAIfi 0GPBIBAIOTCS:
=> INSERT INTO operations(book_id, qty_change) VALUES (1,-100);

ERROR: new row for relation "books" violates check constraint "books onhand qty check"
DETAIL: Failing row contains (1, Cka3ka o uape CantaHe, -71).
CONTEXT: SQL statement "UPDATE books
SET onhand gty = onhand qty + NEW.qty change
WHERE book id = NEW.book id"
PL/pgSQL function update onhand qty() line 3 at SQL statement



of] PROFESSIONAL

[1pakTuka+ Pos{gres

1. Hanummwmre Tpurrep, yBeJIMUMBaKOIIMU CYETUYHK (TI0J1€ version)
Ha eZIUHULLY [IpY Ka)K[,0OM M3MeHeHUU CTPOKU. [1py BcTaBke
HOBOW CTPOKU CUYETUMK [JO/DKEeH yCTaHaB/IUBaThCs B eUHULLY.
[TpoBepbTe NPaBUMBLHOCTH PabOTHI.

2. [anbl Tabnuiiel 3aka3oB (orders) u cTpok 3aka3oB (lines).
TpeOyeTcst BBITIOJTHUTE IeHOPMa/TM3al[{i0; aBTOMaTHue CKH
OOHOB/ISITH CyMMY 3akKa3a B Tabsuile orders rpu W3MeHeHU!
CTPOK B 3aKase.

Co3paiiTe He0OXOZIMbIe TPUTTEPHI C UCTIOTH30BaHUEM
TepexoJHbIX TaO/IULT 71T MUHUMU3aI[MH oriepaliuii 00HOBJIeHHS.

18

2. Ins co3aaHust Tabnul, Ncnonb3yiTe KoMaHabi:

CREATE TABLE orders (
id int PRIMARY KEY,
total_amount numeric(20,2) NOT NULL DEFAULT O

);

CREATE TABLE lines (
id int PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
order_id int NOT NULL REFERENCES orders(id),
amount numeric(20,2) NOT NULL

);

Cton6eu orders.total _amount 4o/mMKEH aBTOMAaTUYECKN BbIYUCIATLCA
Kak cymMma 3HavyeHuii ctonbua lines.amount BCeX CTPOK, OTHOCSLLINXCS
K COOTBETCTBYHLLEMY 3aKasy.



1. CueTYHK HOMepa BepCHH

=> CREATE DATABASE plpgsql_triggers;

CREATE DATABASE

=> \c plpgsql_triggers

You are now connected to database "plpgsql triggers" as user "student".
Tab6Jsmria:

=> CREATE TABLE t(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
s text,
version integer

)i

CREATE TABLE
TpurrepHasi GyHKIIHS:

=> CREATE FUNCTION inc_version() RETURNS trigger
AS $%
BEGIN
IF TG_OP = 'INSERT' THEN
NEW.version := 1;
ELSE
NEW.version := OLD.version + 1;
END IF;
RETURN NEW;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Tpurrep:

=> CREATE TRIGGER t_inc_version
BEFORE INSERT OR UPDATE ON t
FOR EACH ROW EXECUTE FUNCTION inc_version();

CREATE TRIGGER

IIpoBepseM:

=> INSERT INTO t(s) VALUES ('Pa3');
INSERT 0 1

=> SELECT * FROM t;

id | s | version

SIBHOe yKa3aHHe Version UTHOPUpYyeTcs:
=> INSERT INTO t(s,version) VALUES ('[liea’',42);
INSERT 0 1

=> SELECT * FROM t;

id | s | version

e I
1 | Pa3 | 1
2 | fea | 1

(2 rows)

H3MeHeHUe:

=> UPDATE t SET s = lower(s) WHERE id = 1;
UPDATE 1

=> SELECT * FROM t;



id | s | version
i .
2 | fBa | 1
1| pa3 | 2
(2 rows)

SIBHOe YKa3aHHe TaKKe UTHOPUPYETCST:
=> UPDATE t SET s = lower(s), version = 42 WHERE id = 2;
UPDATE 1

=> SELECT * FROM t;

id | s | version
e Fomm e e -
1| pa3 | 2
2 | pBa | 2
(2 rows)

2. ABTOMaTH4YeCKOe BhIUHC/IeHue OﬁILIEﬁ CyMMBI 3aKa30B

Co3zaeM TaGJIUIIEI YIIPOILEHHOM CTPYKTYPEL, TOCTATOUHOM /711 A€MOHCTPAIHH:

=> CREATE TABLE orders (

id integer PRIMARY KEY,

total_amount numeric(20,2) NOT NULL DEFAULT ©
)5

CREATE TABLE

=> CREATE TABLE lines (
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
order_id integer NOT NULL REFERENCES orders(id),
amount numeric(260,2) NOT NULL

)i

CREATE TABLE
Co3gjaeM TPUITEPHYIO QYHKITHIO U TPUITEP I 06PabOTKH BCTaBKH:

=> CREATE FUNCTION total_amount_ins() RETURNS trigger
AS $$
BEGIN
WITH 1(order_id, total_amount) AS (
SELECT order_id, sum(amount)
FROM new_table
GROUP BY order_id
)
UPDATE orders o
SET total_amount = o.total_amount + 1.total_amount
FROM 1
WHERE o.id = l.order_id;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

[Tpemyioxxenue FROM B komaHzie UPDATE 1103BOJIsIET COEIUHUTE orders ¢ I10/13aIlpoCoM I10 ITIepeX0oiHOM TabJIulIle 1 UCII0/IH30BaTh
CTOJIOITBI ITOZ3aIIPOCa AJIsI BEIUHUCIEHUS SHAUEeHUSI.

=> CREATE TRIGGER lines_total_amount_ins
AFTER INSERT ON lines
REFERENCING
NEW TABLE AS new_table
FOR EACH STATEMENT
EXECUTE FUNCTION total_amount_ins();

CREATE TRIGGER

OYHKIMS U TPUITEP /11 06pab0TKH 0OHOBIEHUS:



=> CREATE FUNCTION total_amount_upd() RETURNS trigger
AS $$
BEGIN
WITH 1_tmp(order_id, amount) AS (
SELECT order_id, amount FROM new_table
UNION ALL
SELECT order_id, -amount FROM old_table
), l(order_id, total_amount) AS (
SELECT order_id, sum(amount)
FROM 1_tmp
GROUP BY order_id
HAVING sum(amount) <> 0
)
UPDATE orders o
SET total_amount = o.total_amount + 1.total_amount
FROM 1
WHERE o.id = l.order_id;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Vcnoue HAVING 1o3BoJIsIeT IPOITyCKaTh U3MeHeHUs, He BJIMSIOIMe Ha 061y CyMMy 3aKasa.

=> CREATE TRIGGER lines_total_amount_upd
AFTER UPDATE ON lines
REFERENCING
OLD TABLE AS old_table
NEW TABLE AS new_table
FOR EACH STATEMENT
EXECUTE FUNCTION total_amount_upd();

CREATE TRIGGER
DYHKIIHS U TPUITEP [Tt 06pabOTKY YAaTeHUS:

=> CREATE FUNCTION total_amount_del() RETURNS trigger
AS $$
BEGIN
WITH 1(order_id, total_amount) AS (
SELECT order_id, -sum(amount)
FROM old_table
GROUP BY order_id
)
UPDATE orders o
SET total_amount = o.total_amount + 1.total_amount
FROM 1
WHERE o.id = l.order_id;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

=> CREATE TRIGGER lines_total_amount_del
AFTER DELETE ON lines
REFERENCING
OLD TABLE AS old_table
FOR EACH STATEMENT
EXECUTE FUNCTION total_amount_del();

CREATE TRIGGER

OcraJjicd HeoxBaueHHBIM onepaTop TRUNCATE. OgHaKo TpUITep I 3TOr0 ollepaTopa He MOKeT MCII0JIb30BaTh IlepeXxoHbIe
Tabuel. Ho MBI 3HaeM, uto rocie BoiosHeHUsI TRUNCATE B lines He ocTaHeTCs CTPOK, SHAUUT MOYKHO O6GHYJIMTH CYMMBI BCEX
3aKaso0B.

=> CREATE FUNCTION total_amount_truncate() RETURNS trigger
AS $$
BEGIN
UPDATE orders SET total_amount = 0;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

=> CREATE TRIGGER lines_total_amount_truncate
AFTER TRUNCATE ON lines

FOR EACH STATEMENT

EXECUTE FUNCTION total_amount_truncate();



CREATE TRIGGER

JIOTIOJIHUTEIFHO HY>KHO 3aIlpeTUTh U3MEHSITh 3HaYeHHe total_amount Bpy4YHYI0, HO 9TO 33/laya PelllaeTcss He TPUITEPAMH.
[IpoBepsieM pa6oTy.

Jlo6aBHIIH IBa HOBLIX 3aKasa 6e3 CTPOK:

=> INSERT INTO orders VALUES (1), (2);

INSERT 0 2

=> SELECT * FROM orders ORDER BY id;

id | total amount

Jlo6aBHIIH CTPOKH B 3aKas3bl:

=> INSERT INTO lines (order_id, amount) VALUES
(1,100), (1,100), (2,500), (2,500);

INSERT 0 4

=> SELECT * FROM lines;

id | order_id | amount
e Fommm e mm
1| 1| 100.00
2 | 1 | 100.00
3 2 | 500.00
4 | 2 | 500.00
(4 rows)

=> SELECT * FROM orders ORDER BY id;

id | total amount
TSy S
1| 200.00
2 | 1000.00
(2 rows)

VIBOMJIM CYMMBI BCEX CTPOK BCEX 3aKa30B:

=> UPDATE lines SET amount = amount * 2;
UPDATE 4

=> SELECT * FROM orders ORDER BY id;

id | total_amount

1| 400.00
2 | 2000.00
(2 rows)

ViaJIeM offHy CTPOKY IIEpBOrO 3aKa3a:

=> DELETE FROM lines WHERE id = 1;
DELETE 1

=> SELECT * FROM orders ORDER BY id;

id | total amount

2 | 2000.00
(2 rows)

OTIyCTOIIINM TaGJIHITy CTPOK:
=> TRUNCATE lines;
TRUNCATE TABLE

=> SELECT * FROM orders ORDER BY id;



id | total amount

(2 rows)

=> \c postgres
You are now connected to database "postgres" as user "student".
=> DROP DATABASE plpgsql_triggers;

DROP DATABASE



